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reached. In multipurpose NC systems there is  not enough 
attention paid to the problem of impulse processing , therefore 
machine tool builders are compelled to choose one of two 
non-optimal ways – to use the common NC system and its 
algorithms created for continuous processing, or to create a 
highly specialized control system by themselves. 
Thus, in the field of engraving systems production there is 
a problem of creating approaches for a specialized control 
system of impulse processing, but on the basis of 
multifunctional NC system [5,6] and preserving all its 
advantages (control methods acquired by decades, 
multifunctional user interface, tools of programming) [7,8]. 
The features of dotted processing and process control set one 
more task for developers – the optimization of the control 
program for the sequence of points’ description. Therefore, we 
will consider an implementation approach for pulse processing 
control features within traditional NC systems and the use of 
optimization methods for the prepared control programs for 
the maximum use of machine opportunities within the set limit 
parameters of dynamics and kinematics. 
2. Laser dotted engraving technology and control problem 
In production there is a wide class of  equipment on the 
basis of lasers working in the impulse mode with impulses 
frequency within wide interval of 40 - 1000 Hz. There are 
some fields of such equipment use: pulse pulsed laser cladding 
[9]; pulse laser welding; marking (drawing information on a 
product detail); But most often, as it was already said, pulse 
processing, especially with a low frequency, is typical for an 
engraving in transparent environments. 
The main feature of impulse machine control consists in the 
need for ensuring a strict synchronization between impulses of 
the laser and the movement on the processing contour. The 
scheme on Fig. 1 illustrates the interaction of the control 
system with the impulse machine during processing. On the 
right there is a chart of the control signals which are given out 
by a control system, and reciprocal signals of the laser. 
Fig. 1. Scheme of interaction control systems with pulsed laser machine. 
Stages of machine elements interaction during point 
processing are presented on the sequence chart (Fig. 2). 
Signals delivery sequence is following: 
System gives out signals of movement ("Step") on feeding 
drives up to achievement of the next point set in the operating 
program. 
The movement stops, then the signal ("Strobe") orders the 
laser module to set the resonator in an active state. 
The system expects a laser signal ("Confirmation") about 
successful point processing at the time of the next pumping 
impulse, then the new cycle (moving to the next point of 
drawing) begins. 
Fig. 2. Signals delivery sequence diagram of control and pilot signals delivery 
sequence during point processing. 
The described scheme shows the main feature of impulse 
processing control: the system has to synchronize the 
movement of the beam with emission impulses. Thus the 
frequency of pumping impulses has to keep with a certain 
admissible error (otherwise, the energy and divergence of the 
beam will be insufficient for point processing). The absence of 
movement synchronization with periodical signals in NC 
system causes stops in the processed points [10,11]. It leads to 
a need to implement movements with the simplest profile of 
acceleration and braking with a zero speed at the beginning 
and in the end of a NC block as it is shown on Fig. 3. 
Fig. 3. Movement during standard scheme of impulse processing control. 
Here min, nom, max - the time points defining the 
admission for the pumping impulses delivery. From this 
scheme it follows that a considerable part of processing time 
proceeds with a speed lower than nominal, which conducts to 
productivity loss. An attempt to pass the way between points 
without acceleration and braking will lead to dynamic 
loadings increase and even to the failure of the movement 
because of a quick stop of drives. 

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Thus, the problem of development a new motion control 
algorithm for dotted laser processing is actual [12,13]. 
3. Approach to motion control taking into account the 
synchronization with laser emission 
3.1. Synchronization between motion and laser pulses 
The main problem of the base algorithm of acceleration and 
deceleration during pulse dotted processing is the necessity to 
stop in the processed dots. Therefore, just finding the 
maximum speed between blocks is not enough and motion 
control algorithm should have an important feature - 
synchronization between motion and laser pulses to eliminate 
stops in processed dots. The synchronization implies that the 
path between the two operating points must be passed for a 
time determined by the nominal pulse frequency and its 
permissible error. In this case pulses of pump lamp are being 
generated by control system, not by the laser’s internal clock. 
Let's consider the scheme, which shows the chain of look-
ahead and motion synchronization algorithms in the 
acceleration/deceleration module of NC system (Fig. 4). 
Fig. 4. Acceleration/deceleration module workflow. 
Before starting to move in the block, 
acceleration/deceleration parameters are set. After that, the 
counting of interpolation cycles, required for the passage of 
the block, is performed, and the following conditions are 
verified: 
x Number of cycles corresponds with the nearest time 
tolerance window of frequency for laser pump. 
x Number of cycles is more or equal to n_nom + n_max_syn.
Here n_nom is the number of cycles corresponding to an 
integer count of pulse periods with nominal frequency; 
n_max_syn is the number of cycles corresponding to the 
period for maximum permissible frequency of the pump 
lamp pulse. 
The second option is associated with the fact that the first 
pulse in the block can be made with increased frequency. 
If one of these conditions is satisfied, the motion 
parameters are considered valid and the process of analyzing 
the block stops. Otherwise, a slight decrease of final block 
feed is performed and the verification process is repeated. If 
the final feed is zero, the nominal feed is reduced. With this 
iterative method we can determine the motion parameters of 
block processing, synchronized with laser pulse timing. 
The initial and the final result of acceleration /deceleration 
profile correction is illustrated in Fig. 5. 
Fig. 5. Change of feed profile after synchronization. 
The correction of feed profile allows reaching the working 
point exactly in the time window of laser pulse. Processing 
parameters, such as frequency of the laser, permissible error of 
frequency, the maximum acceleration of the axes, etc., can be 
customized by the system operator. It allows finding the 
optimum balance of performance and quality of processing 
experimentally. 
3.2. Optimization of control program for minimal processing 
time
For the result of dotted engraving the set of points is more 
important than their order. The points in the control program 
can be arbitrarily interchanged to optimize program execution 
time. When using the simple motion control with waiting, 
such changes in control program do not give much effect, 
since stop is performed in all points. Also, control programs 
for engraving typically are initially optimized for the minimal 
total path length. 
However, when using our proposed algorithm, not only the 
length of the path, but also the relative position of neighboring 
points of the sequence is important for the program execution 
time. The feed is limited by acceleration in the points, which 
depends on the relative directions of the vectors of 
neighboring blocks. Therefore, it is possible to achieve an 
increase of feed by reducing the angle between the segments 
of trajectory. This can be done by selecting a sequence of 
points with a particular algorithm. Consider Fig. 6. 
Fig. 6. Acceleration/deceleration module workflow. 
The sequence of points in engraving control programs 
generally corresponds to the left part of Fig. 6. In this 
sequence the selection of the next point is determined (mainly) 
by the proximity to the previous. Thus, local areas are 
sequentially processed. However, in this case, the trajectory is 
the polyline with very fast changes of movement vector. 
1001 Georgi M. Martinov et al. /  Procedia CIRP  41 ( 2016 )  998 – 1003 
Anot
case
seque
neigh
prefe
any i
It
most 
sense
optim
gener
opera
In
rando
the in
gettin
draw
searc
that d
Dr
proce
45 H
a)
b)
Fig. 7
Af
(Tabl
Table 
Optim
Defau
minim
Prefer
Prefer
Prefer
inclin
her possible s
the points 
ntially, if po
bor points 
rable directio
nclined axis. 
is hard to det
effective for 
 to straighte
ization probl
ating a sequ
tor and evalu
 the current 
m search alg
dividual loca
g a satisfact
ings. The op
h and the des
efine the sequ
awing AB15
ssing time is 
z (Fig. 7).  
. (a) CAD/CAM 
ter optimizin
e 1). 
1. Measurement 
ization method
lt file (simple op
al path length, 2
able movement 
able movement 
able movement 
ed axis of 45 deg
equence is sh
close to a 
ssible. The 
can be sele
n is along th
ermine which
a particular 
n the origi
em a special u
ence of poin
ating processi
version of th
orithm is use
l sequences 
ory result in
erator can s
ired distance
ence.  
_00.srt cons
about 80 seco
model of file AB
AB15_0
g, the proce
of processing tim
timization for 
400 points) 
along the X axis 
along the Y axis 
along the 
rees
own in the rig
straight line
preferable se
cted. In th
e X axis, but 
 sequence of
drawing and 
nal trajectory
tility was dev
ts in a way 
ng time. 
is utility the
d. The search
of points. Lo
 a reasonabl
elect a prefe
 from points 
ists of 2400
nds at a nom
15_00.srt; (b) res
0.srt.
ssing time is
e for the file AB
Processing 
time,  [min] 
01:19 
00:58 
00:56 
01:01 
ht figure - in 
 are proce
arch direction
is example, 
can be set al
 points would
whether it ma
. To solve 
eloped. It all
specified by 
 simple dire
 is performe
cal search all
e time for m
rred direction
to direction l
 points and
inal frequenc
ult of processing
 greatly redu
15_00.srt.
Optimization
result
100% 
73% 
71% 
77% 
this 
ssed
 of 
the 
ong 
 be 
kes 
the 
ows 
the 
cted 
d in 
ows 
ost 
 of 
ines 
 its 
y of 
 file 
ced
Th
most 
prefe
adjac
given
speci
the f
prefe
Th
estim
effec
the o
the e
point
with 
Table 
File
AB15_
sl6.srt
belka_
sp6.srt
As
optim
of 2-3
4. Ev
exam
As
effec
out 
medi
of pr
differ
of m
synch
condu
45 H
rate:
100-1
e system op
effective pro
rable movem
ent vectors, u
 machine p
fied maximum
ile AB15_00
rable moveme
Fig. 8. Fragment 
e utility als
ation and allo
tive mode for
ptimization p
xecution time
 sequence and
standard mach
2. Estimation of p
Numb
points
00.srt 2400
20400
st.srt 10840
 20860
 we see, the 
istic prognos
%.
aluating the 
ple of typica
sessing the i
tiveness of pu
on the mach
um. Table 3 s
ocessing for
ent number o
otion cont
ronizing m
cted for nom
z, permissibl
1800 mm/mi
50 µ). Numb
erator can set
cessing mode
ent direction 
ntil the most 
arameters (a
 search time
.srt before 
nt direction a
of test file AB15
o has the 
ws the opera
a specific file
rocess. Table
 of program
 a compariso
ine paramete
rocessing time. 
er of Estim
time
00:5
0 80:4
0 52:1
0 80:1
developed alg
is of processi
effectiveness
l control pro
mpact of the
lsed low-freq
ines for las
ummarizes th
 the 14 file
f points) whe
rol and th
otion with 
inal process
e acceleration
n; the distanc
er of points ro
 the automat
. The utility 
and tolerable
effective mod
nd taking i
). Fig. 8 sho
and after o
long X axis. 
_00.srt (default a
function of 
tor to quickl
 without mul
 2 shows som
s after an op
n with the rea
rs. 
ation 
, [min]  
Proc
time
8 00:5
7 82:1
1 53:2
1 82:2
orithm in mo
ng time with 
 of the algori
grams 
 developed a
uency proce
er engraving
e informatio
s of control 
n using the e
e developed
laser puls
 parameters (
: 300 mm/s2
e between p
unded to hun
ic search for
iteratively sel
 angles betw
e is found for
nto account 
ws a fragmen
ptimization w
nd optimized). 
processing t
y select the m
tiple executio
e estimation
timization of
l processing t
essing
, [min] 
Devia
8 0.0%
1 -1.7%
4 -2.3%
8 -3%
st cases give
error in the ra
thm on an 
lgorithms on
ssing was car
 in transpa
n on the dura
programs (w
xisting algori
 algorithm 
es. Compar
pulse frequen
, maximum f
rocessing poi
dreds. 
 the 
ects 
een 
 the 
the 
t of 
ith 
ime 
ost
n of 
s of 
 the 
ime 
tion
s an 
nge 
 the 
ried 
rent 
tion 
ith
thm 
of
ison 
cy:
eed
nts: 
1002   Georgi M. Martinov et al. /  Procedia CIRP  41 ( 2016 )  998 – 1003 
Tab
mac
Fil
num
1
2
3
4
5
6
7
8
9
10 
11 
12 
13 
14 
tim
rar
syn
red
las
pos
blo
run
sim
the
wh
ran
tim
fits
the

le 3. Results of th
hine.
e
ber
Number 
of points
34800 
12100 
23200 
108400 
65200 
30900 
38600 
8600 
26700 
52000 
31200 
28000 
35200 
21100 
In the presen
e is 28-48%,
e.
The results 
chronization
ucing the pr
er machine 
itional contro
cks. 
The measurem
ning at rated
ilar results in
se parameter
ich shows th
ge of operatin
Improved per
e, which lead
 with high pr
 laser radiatio
Fig. 9. Pro
e measurement 
Old algorith
processing 
time, [min] 
30:11 
10:29 
20:19 
92:08 
55:36 
26:12 
33:19 
7:52 
23:28 
44:26 
26:51 
23:49 
30:43 
18:17 
t sample of f
 although the
show that 
of the movem
ocessing tim
by 30 - 50
l scheme wit
ents carried 
 speed of 10
 the differen
s can reach 
e effectivene
g frequencies
formance is 
s to the fact t
obability into
ns (Fig. 9). 
files of speed of 
of time of proces
m New algo
processin
time, [min
18:15 
7:01 
14:08 
48:16 
31:14 
16:01 
24:02 
4:58 
13:36 
28:13 
17:54 
14:28 
19:45 
10:11 
iles the redu
 values less t
the develop
ent and of l
e for manufa
% compared
h stops at th
out on an exp
00 Hz and fa
ce at runtime
for some pr
ss of the al
 and speeds o
due to reduci
hat the execu
 a smaller nu
in passing joints 
sing on the laser 
rithm
g
]
Reduct
process
time 
40% 
33% 
30% 
48% 
44% 
39% 
28% 
37% 
42% 
36% 
33% 
39% 
36% 
44% 
ction of proc
han 30% are
ed  algorith
aser pulses en
cturing the p
 with a sta
e end points o
erimental ma
ster drives sh
 (the differen
ograms 80-1
gorithm in a
f movement.
ng the decele
tion time of a
mber of peri
of NC blocks. 
ion of 
ing
essing 
 fairly 
m of 
ables 
ulsed 
ndard 
f NC 
chine 
owed 
ce in 
00%), 
 wide 
ration 
 block 
ods of 
5. T
dot
opt
typ
imp
app
sho
eng
opt
pro
pro
the
opt
pro
syn
Ac
ope
ma
Th
of 
pro
exp
of p
ma

he construc
ted laser eng
The develop
imization of
ical approach
rove the eff
roach can be
ws the mai
raving, below
imize the p
duction. 
Fig. 10. Proce
During the te
duced using 
 optimization
imization of
cessing time
chronization
cording to th
rator can per
ke a compari
e data obtaine
optimizing a
cessing strate
erience and i
roducts. 
Fig. 11. Produ
The propose
chine of volu
tion of  proce
raving
ed control a
sequences o
 to the prep
iciency of th
 organized as
n stages of 
 are the ta
rocess of 
ss chain for perfo
chnological p
laser engravin
of the trajecto
 a sequence
; the applica
and preview
e results of
form the anal
son of predic
d can be used
 sequence o
gy for the nex
mproving pro
cts obtained on th
d method is
metric laser 
ss chain for 
lgorithm and
f points all
aration of c
e production
 follows (Fig
the design 
sks to solve 
technological
rming the dotted
reparation of
g the follow
ry for the len
 of points 
tion of cont
ing (look-ahe
 manufactur
ysis of the q
ted and actu
 to make cha
f points and
t product, w
cess efficien
e laser Engravin
 successfull
engraving A
performing t
 the metho
ow generatin
ontrol progra
 process. Su
. 10). The to
process of 
at these stag
 preparation
 laser engraving
production of
ing are perfo
gth of the pat
for the pro
rol algorithm
ad) of NC b
ing each par
uality produc
al processing
nges to the p
 selecting a
hich allows g
cy for a wide 
g machine ARTI
y applied o
RTI, which 
he
ds of 
g the 
ms to 
ch an 
p row 
dotted 
es to 
 and 
.
 parts 
rmed: 
h; the 
jected 
 with 
locks. 
t, the 
ts and 
 time. 
rocess
 new 
aining 
range 
.
n the 
has a 
1003 Georgi M. Martinov et al. /  Procedia CIRP  41 ( 2016 )  998 – 1003 
relatively moderate index of limiting pulse frequency (65-70 
Hz), but the minimum cost and operating cost through the use 
of low-power laser and simple step-dir drives. However, using 
the developed control algorithms and control programs 
optimizes machine exhibits with high efficiency in production 
of small-scale and single products (Fig. 11). 
6. Conclusion 
Algorithms of previewing trajectory and motion control on 
the parametric curves for pulsed laser machines are  
developed, which allows minimizing stopping at processed 
points and achieving a constant contouring speed. The 
application of the developed algorithms leads to a reduction in 
processing time by 30-50% as compared to using algorithms 
which do not take into account the synchronization of motion 
with laser pulses. The efficiency of the look-ahead algorithm 
for NC blocks is significantly increased when connecting the 
method of adaptation to the conditions of the velocity profile 
restrictions on the frequency of the pulses [14]. 
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